The aim of the study was to determine the effect of supplementing an oat winter pasture with a total mixed ration (TMR) on lactation performance of dairy cows. Nine multiparous Holstein cows were used in a 3 × 3 Latin square design with three TMR: pasture ratios at 79:21 (T1), 58:42 (T2) and 33:67 (T3) on a dry matter (DM) basis. The response to the 100% TMR diet (TMR-100) was tested using an extra period of 14 days inmediately after finishing the Latin square schedule using the nine experimental cows. Total DM intake resulted higher in TMR-100 (28.2 (kg/cow•day) and decreased by 2.64 kg/cow•day in T1, 5.02 kg in T2 and 6.68 kg in T3. Yields of milk (31.2 kg/cow•day) and fat corrected milk (26.8 kg/cow•day) was similar between T1, T2 and T3. Milk yield resulted higher in TMR-100 (32.1 kg/cow•day) compared to T2 (30.7 kg/cow•day). Milk fat concentration (g/100 g) was higher in T2 (3.13) and T3 (3.20) compared to T1 (2.96) and TMR-100 (2.85) and milk fat yield did not differ. Milk protein content resulted higher in TMR-100 and T2 averaging 3.37 g/100 g compared to T1 (3.32 g/100 g). The lowest milk protein concentration was observed in T3 (3.29 g/100 g) that resulted only different to T2. Milk protein yield did not differ between T1, T2 and T3 averaging 1.03 kg/cow•day. A lower protein yield was detected in T2 (1.03) and T3 (1.00) when compared to TMR-100 (1.07). Efficiency of milk production (kg milk/kg DM intake) resulted higher in T3 (1.42) compared to T1 (1.25). Treatments that included pasture yielded a higher efficiency of milk production when compared to TMR-100 (1.13). Plasma urea concentration resulted lower in TMR-100 (33.8 mg/dl) with no significant differences for this parameter between the other treatments. Glucose plasma levels did not differ between T1, T2 and T3 but plasma non-esterified fatty acids (NEFA) gradually increased as the proportion of pasture was enhanced according to the lower energy intake. Plasma insulin levels were higher in TMR-100 and T2 whereas concentration of somatomedins (IGF-1) remained unaffected. Grouth hormone (GH) levels and the GH/insulin ratio were highly variable and not affected by treatments. Concentration of vaccenic and conjugated linoleic acids gradually increased with the inclusion of pasture in the diet. Supplementing a winter oat pasture with TMR may be a suitable strategy to maintain milk production with a high conversion efficiency but part of the produced milk could be sustained at the expense of endogenous energy mobilization. The conditions of replacing pasture for TMR in high yielding dairy cows should be defined taking into account the depressing effect of pasture on total DM and energy intake when fresh forage is included in high proportion in the diet.
Introduction
In Argentina as in other countries, there is a tendency to decrease the number of dairy farms while increasing the number of cows within farm and their genetic merit for milk production. This animal concentration would be explained by competition and utilization of agricultural land coupled to the resulting increase in land value. In fact, milk production systems in Argentina are moving towards more intensified farms to release land for the cultivation of soy (Glycine max) which is considered a more profitable activity than milk production [1] .
With this scope, many farmers have to decide whether to reduce or even to leave the livestock enterprise resulting in mixed livestock-agriculture, full agriculture systems or the implementation of practices that may increase production and efficiency in the use of land. In this context, experimental information on milk production comparing partial or total confinement feeding systems as an alternative to grazing based systems is still scarce.
Grazing systems are characterized by a lower environmental impact [2] and a lower production cost [3] but present nutritional limitations that prevent the expression of the milk production potential of high yielding dairy cows. The low energy and DM contents of pastures coupled to the high fiber concentration and intake are factors potentially limiting DM and energy intakes of high yielding dairy cows [1] [4] [5] [6] [7] . These pasture properties may negatively affect milk production enhancing losses of body weight (BW) and body condition score (BCS) in high yielding dairy cows [1] [4]- [9] .
To mitigate these negative effects, a widely used practice is the supplementation with energy concentrates although the productivity can be lower than with the use of combinations of pasture and TMR or confined diets [7] . In turn, the low growth-rate of temperate pastures in autumn-winter leads to the use of conserved forages as corn silage alone. An option may be theuse of conserved forages with energy and protein concentrates, minerals and vitamins in a balanced way as TMR diets to sustain the cow requirements for high milk production. This feeding strategy would allow the expression of the milk production potential of high yielding dairy cows [10] but feeding cost are higher than pasture-feeding representing more than 50% of the total costs [11] . An interesting alternative is the combination of TMR and grazing which is known as a partially mixed ration (PMR) since pasture is directly grazed by the cows and hence not physically included in the TMR. It combines partial advantages of each system and pasture would not only reduce the amount of TMR included in the total diet and feeding cost but may also improve the dairy herd health [2] . In effect, PMR diets showed to increase milk production [9] [12] [13] reducing feed costs [3] and environmental impacts [2] while improving the healthy value of milk fat by higher concentrations of linolenic, vaccenic and conjugated linoleic acids [13] [14] [15] .
Most of the published studies compared TMR systems vs some combination of pastures plus concentrate or pasture plus TMR. Such comparisons included TMR vs pasture [4] [16] , TMR vs pasture plus concentrate [3] [9] , TMR vs pasture during the morning or afternoon plus TMR [5] and TMR vs pasture plus concentrate vs a combination of pasture with TMR [7] .
The results showed that TMR diets increased total dry matter (DM) intake [3] [4] [5] [7] , milk production [3] [4] [5] [7] [9], body weight [5] [9] [10] and body condition score [5] [6] [10] [11] .
There is still scarce information on the production response obtained in feeding systems combining different proportions of TMR and pasture [12] [15] [17] . Ina 8 week-long experiments conducted in autumn and spring it was suggested that the autumn pasture can be included in up to 41% of the total PMR without affecting the productive response compared to a TMR system [12] . In addition no differences in milk production were observed between cows fed 100% TMR or a TMR-Pasture ratio of 79:21 or 63:37 [7] . This result would be explained by an adequate energy intake in all treatments according to production level [15] . The maximum level of pasture inclusion in the total ration without causing losses in the productive response requires further investigation.
The aim of this experiment was to determine the effect of TMR replacement by pasture on DM and energy intake, milk production and composition, plasma metabolite and hormone concentrations and milk FA profile.
Materials and Methods

Treatments, Animals and Experimental Design
The experiment was carried out at the National Institute of Agricultural Technology The DM content of the TMR offered and refused was daily determined. The feeders were located in individuals pens and cleaned up prior to the entry of the animals to remove feed refusals to calculate DM intake by quantities offered and refused. The TMR was prepared daily using a horizontal mixer equipment (Mainero, Model 2910), weighed and delivered to each cow according to the correspondent treatment. After the morning milking, cows were fed the TMR with fresh water avalilable ad libitum. In TMR-100, the ration was offered three times a day at 08.00 (40%), 10:30 (40%) and 16.00 h (20%). In T1 and T2 the TMR was distributed at 08.00 h (53%) and 10:30 h (47%) (T1) and 80% and 20% (T2). Finally, in T3 the TMR was distributed in a single meal at 08.00 h. Once cows consumed the fixed daily amount of TMR they were conducted to the grazing strips at 10:30, 16:30 and 18:30 hours in T3, T2 and T1 respectively.
Pasture utilization was fixed at 60% and herbage allowance (kg DM/cow•day) was calculated using the following equations: T1 = potential intake of TMR × 0.25/0.60; T2 = potential intake of TMR × 0.50/0.60 and T3 = potential intake of TMR × 0.75/0.60. The grazing area was defined weekly from estimated forage biomass using a pasture-meter by linear regression equations between height and the available biomass. During the last three days of each experimental period cows grazed on individual plots to estimate pasture DM intake by the 
Sampling Measurements and Laboratory Procedures
During intake measurements, pasture was hand-plucked in the grazing horizon to obtain one poole pasture sample per period. Forage was dry-oven at 60˚C, milled (1 mm) and analyzed for organic matter (OM) crude protein (CP), soluble carbohydrates (SCA), neutral detergent fiber (NDF), acid detergent fiber (ADF), ether extract (EE), apparent in vitro dry matter digestibility at 48 h (IVDMD) and starch by methods described in [18] .
Cows were milked twice daily at 6:00 and 16:00 hours and individually milk production was daily recorded throughout the trial. The average values of the last five days of each experimental period were computed for statiscal analysis. Milk fat, protein and lactose content was determined by infrared spectrophotometry (Milko Scan 300, Foss Electric, DK) according to [19] on samples taken over the last four days of each period. Samples of milk were also analyzed for FA composition by gas-liquid chromatography (GLC) as previously described [18] .
Briefly, fat was extracted from raw milk with a warm detergent Triton solution that was a mixture of 12 ml of Triton X-100, 50 ml of isopropylic alcohol, 2. 
Statistical Analyses
Data were analyzed in a model that included treatment as fixed effect and square, period, period × treatment interaction and cow as random effects using the PROC MIXED of SAS [21] . Differences between the TMR-100 and the other treatments were stated using the Student T-test for pairwise observations.
Results and Discussion
TMR and Pasture Composition
Dry matter content of corn silage resulted somewhat higher than the average value of 317 g/kg reported for Argentine corn silage whereas the NDF content resulted lower than the mean value of 510 g/kg [22] . CP content was similar to the average local values [22] . The others constituents of the TMR were within the normal range (Table 1) .
Chemical composition of the feedstuffs included in the TMR is shown in Table 1 .
Pasture DM content averaged 162 g/kg (±3.8) comprising 898 g OM/kg (±3.2). The average IVDMD (795 ± 10.3 g/kg) and CP (218 ± 5.7 g/kg) resulted high with a moderate content of SCH (117 ± 3.4 g/kg), ADF (205 ± 6.1 g/kg) and EE (33 ± 1.2 g/kg). These parameters are characteristic in high quality pastures but it should be noted that the pasture DM content was insufficient and could compromise DM intake [16] . The high pasture NDF content (416 ± 10 g/kg) can also limit total DM intake as it was observed ( 
Pasture and TMR Intake
According to pre-planned design, pasture intake increased from T1 to T3 (Table   2 ) due to the increased pasture supply, the greatest grazing-periods and the lower TMR offered. Additional factors that may affect pasture intake are the change in the normal grazing-pattern imposed by treatment schedules as well as the inherent difficulty of harvesting the pasture compared to the ease of ingesting TMR diets. In the experiment of [17] the lack of differences in milk production after one or two grazing sessions in a 50:50 Pasture-TMR ration could indicate grazing compensatory mechanisms. In the same row different letters indicate significant differences between T1, T2 and T3 (LSD, α = 0.05). ^P < 0.10, *P < 0.05, **P < 0.01: P-value of the Student's t statistic for paired observations (comparison with treatment TMR-100).
1 Effects: T = Treatment, P = Period; S = Square. 2 Average of nine cows during the additional period. 3 Least squares means. 4 Standard error of the least squares means. 5 Estimated from digestibility values (3608 * IVDMS). 6 Protein and FDN intakes were calculated from composition analysis. A high total DM intake was observed in TMR-100 (28.2 kg DM/cow•day) representing 4.42% of BW resulting 10%, 23% and 31% higher than values for T1, T2 and T3 and also than those reported in [5] (26.6 kg), [7] (26.7 kg), [15] (22.7 kg) and [12] (25.8 kg). In [12] the NDF content of the TMR(430 g/kg DM) was greater than observed in the present trial (291 g/kg DM) that may explain in part the higher total DM intake ( Table 2 ). In their fall-time experiment [12] reported a DM intake equivalent to 4.46% BW when cows were fed the TMR-100% a value that was near to the 4.42% observed ( Table 2) . DM intake in T1 (4.23% BW, Table 2 ) resulted higher than the 3.78% BW reported by [12] but close to the 4.5% BW reported in [23] using a 73:27 TMR-pasture ratio when cows were offered 30 kg DM/cow•day of pasture. In the 59:41 treatment of [12] close to T2 of the present experiment, DM intake averaged 3.86% BW resulting similar to the 3.84% observed here (Table 2 ). In our trial and in experiments of [12] and [13] maximum DM intake in autumn-winter experiments was obtained in TMR-100 and decreased with the increase of pasture participation in the PMR. Total DM intake in the PMR's (Table 2 ) resulted consistent with [12] and ranged from 25.6 kg DM/cow•day in T1 (79:21) to 21.6 kg in T3 (33:67). No significant differences in total DM intake between TMR-100 (22.7 kg DM/cow•day) or when the TMR/pasture ratios were 79:21 (23.26 kg DM) and 63:27 (22.99 kg DM) were detected by [15] . In a similar experiment, a linear increase in total DM intake was reported when the level of TMR was enhanced [13] .
The higher total DM intake resulted in higher energy consumption in TMR-100 and in T1 (79:21) compared to treatments with a greater inclusion of pasture that in turn did not differ between them ( Table 2 ). The higher total DM intake in TMR-100 resulted in maximum intake of protein, followed by T3 with lower values for T1 and T2 ( Table 2) . Intake of CP gradually increased with the amount of pasture consumed (Table 2 ) a result consistent with the increased circulating levels of plasma urea observed ( Table 3 ) that were negatively correlated (r = −0.42, P < 0.01) to BW gain. Different letters in the same row indicate significant differences between treatments T1, T2 and T3 (LSD, α = 0.05). ^: P < 0.10, *: P < 0.05, **: P < 0.01 (P-value of the Student's t Test for paired observations (comparison with treatment TMR-100). Least squares means. 4 Standard error of least squares means.
5
4% Fat corrected milk.
The concentration of NDF was minimal in TMR-100 (291 g/kg DM) and increased with pasture intake in T1 (354 g/kg DM), T2 (383 g/kg DM and T3 (397 g/kg DM). While the concentration of NDF of corn silage (457 g/kg DM, Table 1 ) was higher than the pasture (416 g/kg DM) the higher DM intake with greater participation of TMR in the total ration could be explained by a high rate of passage of corn silage when it is chopped to a small particle size. The estimation of the effective fiber content in corn silage indicated that 7% of the particles were retained on the top rack of the sieves a value that is considered compatible with a proper supply of effective fiber. In fact, no differences in ruminal degradability of silage DM or NDF were detected [24] .
Taken together, the results suggested a depressive effect of pasture on total DM and energy intakes when it is included as part of the PMR even though pasture offered was 67% higher than the expected pasture intake. Qualitative deficiencies of forage like DM, NDF and energy content added to animal behavior factors (access time to pasture, grazing pattern) may help to explain in part the results and are predisposing to induce BW losses and body condition in cows of high genetic merit for milk production.
Milk Production and Composition
Yields of milk and fat corrected milk resulted similar between the PMR diets (Table 3) .When cows were fed the TRM-100 diet, a lower average milk production (−1.4 kg/cow•day) was observed only when compared to T2. In the companion experiment of [13] linear increases were found in milk protein and fat yields when TMR replaced the oat pasture. In that experiment [13] the higher yields were observed in TMR-100 and TMR-75 compared to TMR-50 and TMR-25. The higher milk production in TMR-100 (Table 3) was also reported by [5] and [7] and in the spring experiment of [12] . This last author [12] reported a linear decrease in milk production from 36.6 kg/cow•day in TMR-100 to 32.7 kg when pasture represented 35% of the PMR. The combination of a grazing period of 7 to 14 h and TMR produced less milk and milk protein yield than TMR-100 with no differences in milk fat output or milk protein content [17] .
Despite the higher DM intake (Table 2 ) and the positive correlation between DM intake and milk production (r = 0.49, P < 0.01) or the lower energy expenditure associated to grazing activity in treatments with lower pasture, a net effect on milk production when pasture was replaced by TMR was not observed as reported in other experiments [7] [12] [15] . In the autumn experiment of [12] despite the low DM content (16.4%) of the pasture and its CP excess (23.7%), no differences in milk production were detected when TMR ranged between 100% and 59% of the PMR. In the experiment of [5] cows fed the TMR-100 produced more milk (1 -2 kg, P < 0.05) than cows fed combinations of pasture and TMR with no differences in fat corrected milk. In [15] no differences were reported in milk production (34.6 kg milk/cow•day) from cows fed TMR + concentrate or when TMR + concentrate were combined to pasture at 79:21 (35.4 kg/cow•day) or 63:27 ratios (33.6 kg/cow•day). The variability in milk response would be explained by factors like DM intake, nutrtitional quality of TMR components, type and quality of pasture grazed and increased maintenance requirements generated by the activities of walking and grazing [12] . There are few studies reporting DM intake and milk production with different proportions of grazed pasture and TMR. In an attempt to synthesize the available data, it was found that both, intake and milk production, increased as the proportion of TMR in the diet was enhanced. In the case of DM intake, it was detected an increase of about 0.07 kgDM/cow•day for every 10% increase in the intake of TMR (Figure 1 kg/day respectively for the production range (20 -40 kg/day) explored in Figure   2 . Similar results were computed in the companion trial of [13] .
In a 100% pasture diet, early lactation Holstein cows consumed only 17 kg/cow•day equivalent to 3.3% BW resulting lower than the 24 kg/cow•day (4.1% [24] . These results were comparable to trends presented in Figure 1 . When the authors analyzed milk production over the full lactation, a daily milk production of 20 kg/cow in 100% pasture and 34 kg/cow in TMR-100 were observed [25] .
Milk production obtained when feeding the TMR-100 diets showed a high variability of response as shown in Figure 2 and [13] . This result can be explained by the type and quality of farm facilities that influence the optimal animal welfare which in turn impacts on productivity and also by the chemical composition and nutritonal value of feedstufss and TMR's between trials that are also higly variable. In short term experiments, a transient energy deficit may also be temporarily offset by mobilization of body reserves to sustain milk production.
Consistent with this hypothesis, plasma NEFA levels increased in cows from treatments with higher amounts of pasture (Table 4 ) a resultthat was also observed in [13] .
In our trial, milk fat concentration resulted highest in treatments with greater participation of pasture (42% and 67%). The result was consistent with the highest ruminal acetate/propionate ratio observed in the companion experiment using fistulated cows [24] as well as with levels of circulating NEFA ( Different letters within the same row indicate significant differences between treatments T1, T2 and T3
(LSD, α = 0.05). ^: P < 0.10, *: P < 0.05, **: P < 0.01: P-value of the Student's t for paired observations in comparison with the control treatment. TMR-100 and T1 was not apparently explained by a decrease of de novo synthesized fatty acids in the mammary gland or the appearance of some fatty acid inhibitors of mammary synthesis such as trans-10, cis-12 C 18:2 (Table 5) . A dilution effect seems to be the most probably way to explain the lower milk fat concentration in TMR-100 and T1. Negative correlations between milk fat concentration with intake of TMR (R = −0.37, P < 0.01) and energy (R = −0.33, P < 0.03) were observed. These results, together with the lowest values of plasma NEFA in TMR-100 (Table 3) and the high BW, may reflect changes in the partitioning of energy towards lipogenesis in adipose tissue at the expense of mammary synthesis of milk fat. The higher plasma insulin concentrations in cows fed TMR-100 and T1 and the lack of increase in the GH/insulin ratio ( As already discussed, the actual amount of fiber provided by the corn silage in TMR-100 and T2 appeared to be adequate since the ruminal pH was higher than those observed in the other treatments [24] . This depressant trend of TMR intake on milk fat content was however not observed in other experiments [13] [15] . In mid-lactation cows fed TMR-100 and different TMR/pasture combinations, no differences in milk fat concentration were observed [5] [12] .
As milk fat yield did not differ between treatments (Table 3 ) the lowest concentration of milk fat in TMR-100 and T1 treatments was apparently compensated by the higher milk output. No differences in milk fat yield were also observed in cows fed with varying proportions of TMR and pasture in both, autumn and spring experiments of [12] . Increased milk fat production in cows fed a 79:21 TMR/pasture diet (1.39 kg/cow•day) compared to a diet with a greater pasture/TMR ratio (63:27) yielding 1.23 kg fat/cow•day with no differences to TMR-100 cows (1.31 kg/cow•day) was reported in [15] . Since the quantity of milk produced was the same, the effect was explained by a higher concentration of milk fat in the 79:21 treatment [15] . Linear increases in milk fat output were reported when the proportion of TMR in the diet increased from 25% to 100%
replacing an oat pasture [13] .
In the present trial, milk protein concentration showed an erratic behavior (Table 3) Milk protein yield resulted similar among the PMR treatments (Table 3) .
When compared to yield observed in TMR-100 (1.07 (kg/cow•day)), a lower (P < 0.05) protein yield was detected in T2 (1.03) and in T3 (1.00) according to findings of [4] and [7] . The experiment of [13] showed linear increases in milk protein secretion as the proportion of the TMR increased in the total diet.
Similar results were reported by [12] in spring pastures with maximal protein production in TMR-100 (1.04 kg/cow•day) and lower (0.93 kg/cow•day) in the PMR diets. In turn, milk protein yield was unaffected in [15] .
Milk lactose content did not differ between PMR treatments (Table 3 but when compared to TMR-100 (48.9 g/kg) lower (P < 0.05) values were detected in T2 (47.0 g/kg) and T3 (47.4 g/kg). Milk production and lactose concentration were positively correlated (R = 0.38, P < 0.01). A linear decrease in lactose with increased pasture in the PMR diets was reported by [13] .
Milk production efficiency (kg milk/kg DM intake) resulted higher in T3
(1.42 kg) compared to T1 (1.25 kg). A higher production efficiency was observed 
Plasma Metabolite and Hormone Concentrations
A lower plasma urea concentration (33.8 mg/dl) was observed in TMR-100 with no significant differences between the PMR diets (Table 4) . Using a similar oat pasture, lower uremia levels were also reported by [13] for the TMR-100 and TMR-75 diets compared to TMR-50 and TMR-15 treatments. Despite the higher CP intake (4.9 kg/cow•day) in TMR-100, lower plasma urea concentration were observed ( Table 4 ). The high content of degradable protein of pasture [12] and/or a better energy/protein synchronization in the rumen of cows fed the TMR-100 diet might explain this apparent contradiction. In fact, in the companion digestion experiment by [24] the higher participation of oat pasture increased the ruminal N H3-N concentration and plasma urea levels in fistulated cows parameters that were positively correlated (R = 0.68, P < 0.05).
The lack of changes in uremia levels from T1 to T3 (Table 4) could be explained by a lower N -NH3 absorption due to the lower ruminal pH values observed [24] . A better efficiency of N -NH3 utilization and some enhanced ruminal synchrony when the pasture was combined with TMR can not be excluded. Plasma urea values in PMR's were slightly higher than in TMR-100 (Table 4) . Differences between trials comparing urea concentrations in plasma and milk from cows consuming TMR-100 diets or PMR's can be explained by the quality of the pasture, content of degradable protein, amount of total DM and forage ingested, protein quality used to formulate the TMR's and the addition of urea to rations [7] [9] [13] .
Plasma glucose concentrations did not differ between treatments including pasture (Table 4) as observed by [13] . Compared to TMR-100 (81.7 mg/dl) cows from T2 (42% of pasture) showed higher plasma glucose (94.4 mg/dl). This was an unexpected result considering the high differences in total non structural carbohydrate content between the TMR (318 g/kg DM) and the pasture (148 g/kg DM). In [12] plasma glucose showed a mean value of 61.5 mg/dl in TMR-100 decreasing linearly with increased pasture intake. In the present experiment the higher concentration of glucose observed in T2 was consistent with the lower circulating plasma levels of insulin (Table 4 ) (r = −0.36, P < 0.03).
A negative effect of increased pasture intake on the energy balance of high yielding dairy cows coupled to losses of BW and BCS is frequently reported [2] [4]- [9] . Cows fed TMR-100 diets either maintained their BW and BCS [4] [7] or showed improvements in these parameters [6] while cows of high genetic merit consuming pasture often mobilize body reserves with a significant loss in BCS
[4] [6] . In our experiment, plasma NEFA gradually increased (Table 4) (Table 2) . These results are consistent with the greater BW loss found in cows fed the highest proportions of pasture in the diet (r = −0.62, P < 0.01) suggesting that part of the produced milk could be sustained by endogenous energy mobilization. Similar results on the BW change of cows and circulating NEFA levels were reported in a similar trial by [13] . In the present experiment, the higher plasma insulin levels were found in those treatments where energy intake resulted greater (TMR-100 and T2) an effect that was not observed in [13] . Plasma insulin is positively correlated with periods of active food consumption and level of energy intake. Concentration of somatomedins (IGF-1) remained unaffected although it is a sensitive parameter to situations where the absolute or relative availability of nutrients is restricted. GH levels and the GH/insulin ratio were highly variable and not affected by treatments (Table   4 ). In the experiment of [13] , as the oat-pasture intake was increased and theTMR decreased, weight losses and circulating GH values were enhanced but insulin levels remained unchanged. In our experiment, plasma GH and milk fat concentration (r = 0.64, P < 0.01), IGF-1 and milk protein (r = 0.40, P < 0.02) and GH and IGF-1 (r = 0.36, P < 0.04) were correlated.
Milk Fatty Acid Profile
With the maximum pasture contribution in T3 a decrease in milk concentration (g/100g) of C 12:0 (3.68) was observed compared to T1 (4.0) and T2 (4.02) but not to T0 (3.86) ( Table 5 ). Milk concentration of the atherogenic C 14:0 and C 16:0 FA [26] was not affected. No differences in the concentration of short chain FA (C 6:0 to C 12:0 ) were detected when grazing was combined with increasing amounts of TMR [15] . The absence of effects of higher pasture intake on milk content of C 16:0 (Table 5) was not observed by [15] who reported a lower concentration of this FA in milk from grazing cows compared to those fed a TMR diet.
Increasing pasture intake did not significantly affect the concentration of the pro-atherogenic or unsaturated FA of milk which would explain the absence of effect on the atherogenicity index (Table 5) . This parameter showed a relatively high average value (2.43) located in the range of 2.52 -2.69 reported in [13] for cows fed four different combinations of TMR and pasture. These authors [13] did not also observed differences in the total concentration of unsaturated FA as pasture intake increased.
Stearic (C 18:0 ) acid content in milk was not affected but that of oleic acid (cis-9 C 18: 1 ) was slightly decreased in T1 and T2 compared to T0 (Table 5 ). This result, and the observed lower desaturase activity index in T2 compared to T0 (Table 5) suggest a reduction in the delta-9 desaturase activity. A decrease in milk oleic acid content when pasture replaced TMR was not detected in [15] whereas in the experiment by [13] the maximum concentration of this FA was observed in the 75% pasture and 25% TMR diet. Effects of treatment (T); period (P) and square (S). 3 Leasts square means. 4 Estándar error of the mean. In the present experiment, increased TMR intake enhanced milk concentration of unhealthy FA like the trans-9 (elaidic) and trans-10 C 18:1 with a maximum value of 1.23 g/100g FA for trans-10 C 18:1 in T0 which represented an increase of 57%, 123% and 222% compared to T1, T2 and T3 respectively. These results were not observed in the experiment of [13] when the TMR contribution increased from 25% to 100% in the diet. This authors reported very low values for both elaidic (0.06 g/100 g of AG) and trans-10 C 18: 1 (0.24 -0.09 g/100).
Concentration of trans-10, cis-12 C 18:2 in milk was not detected ( Table 5 ) a result that could be explained by a high conversion of this FA to trans-10 C 18:1 in the rumen and its subsequent transfer to milk fat. No differences in milk concentration of trans-10, cis-12 C 18:2 (0.22 to 0.26 g/100 g) were detected when the proportion of TMR ranged between 100% and 59% of the PMR [12] .
In our trial, the maximum concentration of cis-9, trans-11 C 18: 2 (CLA) in the PMR treatments was observed in T3 (1.54 g/100 g of FA) and decreased as the animals consumed a lower amount of pasture (Table 5) As expected, milk VA (trans-11 C 18:1 ) concentration increased with pasture intake from a minimum value in T0 (1.45 g/100 g) to a maximum of 2.77 g/100 g when the TMR: pasture ratio was 33:67 (91% increase). In the experiment by [15] , milk VA concentration in confined 100% TMR diet (2.26 g/100 g)) was doubled when the animals had access to pasture grazing for 6 (4.22) or 12 (4.09) hours. In contrast, no increase in milk VA content was detected as the pasture/TMR ratio increased [13] .
Milk concentration of cis-9, trans-11 CLA in T0 (1.07 g/100 g) resulted high if compared to the value of 0.30 g/100 g reported in [15] when cows were fed the 100% TMR diet. In our trial, milk CLA content gradually increased with the inclusion of pasture in the PMR reaching a maximum value of 1.54 g/100 g in T3 (Table 5 ). In the experiment of [15] significant increases in milk CLA con- The results of [12] confirmed linear increases of cis-9, trans-11 CLA as the pasture/TMR ratio was increased although the values obtained (0.38 -0.52 g/100) were low when compared to those of the present work (Table 5) . Differences in the botanical composition of the pastures and/or in the degree of maturity at grazing could explain the differences. In the companion experiment of [13] lower values of cis-9, trans-11 CLA were observed for the 100% TMR (0.84 g/100 g) and 75% TMR (0.72) diets compared to those obtained in 50% TMR (1.11)) and 25% TMR (1.23).
In this trial, the CLA/VA ratio (indicator of delta-9 desaturase activity) tended to increase as pasture increased in the PMR which could reflect a constant activity of the enzyme. The concentration of linoleic acid (cis-9, cis-12 C 18:2 ) in milk tended to increase with the increasing participation of TMR (Table 5 ) a result often reported [12] [13] [15] . Increases in milk linolenic (C 18:3n-3 ) acid content (Table 5 ) with higher pasture intake is a frequently reported effect [12] [13] [15] explained by the richness of linolenic in high quality pastures [30] .
Unlike that observed by [15] increasing pasture intake did not reduce the proportion of saturated FA neither increase the unsaturated FA content of milk.
The absence of effect on unsaturated FA could be explained by a high ruminal biohydrogenation of the polyunsaturated FA leading to a high VA production.
Taken together, the results obtained did not show important changes in the healthy value of milk fat when pasture intake decreased and contribution of TMR was enhanced. However, the higher content of vaccenic, CLA and linolenic acids would indicate a lower cardiovascular risk associated with the consumption of milk fat produced in production systems based on pasture.
Conclusion
The results obtained showed that the intake of fresh forage in combination with TMR may be a suitable strategy to maintain milk production. The conditions by replacing pasture for TMR should be defined taking into account the depressing effect of pasture on total DM and energy intakes of cows when fresh forage is included in high proportion in PMR. This effect may amplify the negative energy balance in high yielding dairy cows in early lactation with increased losses of BW, body condition and circulating levels of non-esterified fatty acids.
Some deficiencies in forage quality in addition to animal behavior could exacerbate these effects. The efficiency of feed to milk conversion may be higher to the extent that a greater intake of pasture may be achieved but the observed increase in plasma of non-esterified fatty acids and weight loss suggested a mobilization of endogenous energy to sustain milk production. Operating in the long-term this effect may affect the health and production of high genetic merit cows in early lactation. It will be worthwhile to evaluate the effect of replacement of pasture by TMR in continuous long term experiments in early lactation cows 
